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COMPUBTB SPECIFICATION 
Production of Heptafluoropropane 



We, Allied Chemicai. CorporATIONj, a. 
Corporation organised and ei^MQ wd^ 
the laws of th<i State of Nev7 YorSc, Vv^ed 
States of America, of 61, Broadway, Nar 
York 6, NW York, Umted States of 
America, do hereby declare ihc mroition f<5j 
whfcli we pray that a ipaccait inay be g^te<l 
to and the method by whkb it as to be 
perfcrmed, to be particulaily described m 
and by the following statement: — 

This invenuioo relates to the produ^on 
of 1,1,1,233,3-heptafluofopropane, CTjCFH- 
CF„ b.p. -17 TO -18.5 (hwinafter 
referred ro shnply as hcptafluoaropropan^by 
direcc hydroflucrination of hcxafluoK^ropcnc, 
CF,CF=CF., b.p, -29- C. Hept^uoro- 
pro'pan* la useful as a propellanc an^ as ar 
gaseous dieleocric. 

It has been proposed to mafcff heptafluoro- 
propane by a prxicttdure involving Uquid-pbasft 
reaction between _ hfrxafluoropropeiic and 
aqueous hydrofluoric acid in a pressure vesssl 
at ^bscantial superatmospbeiic pteasunes. 
The disadvantages of batch, liquW-pliasc, 
autodave operations arc apparent 

It has now been found that activated carbon 
by itsdf possesses the power of promocmg 
wactioi of aohydTous hydroeen fluoMde and 
hexafluoropropene in an easily couttoHabl^ 
all gas-phase, catalytic process in which 
heptafluoropropauc is mane in bagh yields. 
It is also of major iatportancsi from the 
standpoint of simple opftfation, .thar activuted 
carbon promotes the reaction at substantially 
atmospheric pressure, and require* ouly 
modeiatdly elevated reaotioa teanpciatutes. 

Generally, the practice of die mvenGoa 
includes effecting ieaction between gaseous 
hexafluoropropcne and gaseous aubswntlally 
anhydrous hydrogen fluoride at rooderatdy 
elevated reaction tcmperatuites aod^ *iib- 
scanually atmospheric pressure and m die 
presence o! activated carbon at cataly^, and 
recovering hq;>tafluoroprDpane fxom the re- 
sulting Teaction products. Mors particu-' 

[F ' 



lady, gaseous hezafluororpropene and gaaeai3» 
anhydious hydrcrgen fluoride jnay be cm- 
tamously msDtred, wxsd and^ fed at 5u5>- 
sanriaily atmospheric pressure wxo a. cubular 
reactor wh&h is packed preferably full "wddi 
acdvaced carbon catalyst and which ^xuav 
be made of inert material such, as mckeli 
"Mcnol'% or "Incoael'* or of steel lined widi 
graphite or "Mimdum", (die 'words **Monei", 
^Ihoond" and "Ahmduxn" bemg Regisccicd 
Trade Marks), and eatmloped izx a suitable 
tubular eiectric furnace provided with aiitso- 
matlc heatMig mtfans tt> provide the reactiion 
tet&psraturc. Product recovery ^may be 
effected by means generally CQUventKmal in 
^s arc For esaiople, vapours leaving tlhe 
reaction zone may be passed thx^ough a 
water scrubber ^ remove bydrogei fluonde, 
and those leaving tiic scrubber may b e dried 
and then totally condensed m ™fi recewwr 
by suitable cootogj such a« by use of a 
Pry loe^eooe mixtjure. The resutong 
condensate then may be fraeiiocEallly dtaim^ 
to facilitate recoTcry of the soiight-for pnjh 
duct; and sq^aration of possibly smaU amoun^B 
of .unreacted scartibg material which may 
be recycled if desired. 

The activated cai^cn catalysts wmcn are 
used in the practice of the iciveacion may be 
granular materials wHch ace readily availa ble 
from several commercial sources, soicibie 
mxt<scxals being various grades around 8-^ 
14 mesh activated cai^boiL audi aa Olxxflflfbia 
6G, Columbia SW, and Ikaco. (TbR word 
"Darco*' ia a Regist?ei?ed Trwle Mark.) The 
grain azc is not Mgbly ciitfca?, Ordinar^j 
the reaction is carried out in eloneatsd tubular 
reactors, and »c is then desirable to OTjwoy 
acdvated carbon granules of average mesh 
size ;between l/20£ and l/4th of the reactor 
diameter; preferably the reactor is swb- 
scanclally completely Med with granules of 
average mesh ^ize of about l/8tb or 1/lOm 
of its diameter. 
In order to secw.t±i9«ijasualIyIusb.yioids 
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obtainable by the pracoce of the iavcnbicn^ 
it hz9 ibetn fonjrd rhac rhe reacLron zone 
teznpeianire should he held in the luoge 
of 250 — 450" C Expcrimcft indi:;ates that 
5 the bcsc yields apF^r to be dependcim 
8 CQcrelaeioa of icea^ecature and zmol racio 
of hydros^ fluoride hexaflucrcD£0|7exie 
suiting matssrial. The reacrfon mvtjftvcd 
may bo x^^preseiwed by 
10 CF;»CF=CF-4-HF -r^ CF^CFHCF-, 
Generally^ the quaatitf of hydrcgca fluotids 
used relative to hesalluompropene sraircittg 
matdrial may any amount sufficient to 
react mth a substantial qtianc'ty of the 
15 hes^flucrcpropene, and if hexaflucropiapene 
conversion and ucLMzatica of hydrogen 
' fluoride per pass ar^ not of major importance, 
hydrogen flizsride In amount less than 
theoretical may be employed Hwatvctj foe 
20 better cvcrall opieradan, die mol ratio of 
hydrogen fluoilds to he.'caftuoirapr^Fan* prefer- 
a1s!y shculd ba in the range of 1:1 to 3:1, 
When high yidds are dejjred, it is preferred 
to employ tht hydrogen fluorid:? in amount 
-•5 in excess of the ticoreti:al requirement, and 
fcr beat yielda (cf or approaching^ 100% on 
the basis of the orsanic siardng material fed) 
a mol ratio of hydrogen ^tioride to he)ca- 
iiuoropropene in the range of 1.5:1 to 3:1 
30 is preferred. As demonstrated in the 
appended esaiqples, when ulilizai^ hydrog^ 
fluoridft and organic; ^taztlngp m&terxal m the 
prBferred mol ratSa ra^ge, astd employing 
reaction zones temperarures in the range of 
35 375-^25" C, substantiaUy 100% yields of 
hcptafluoxopropan^ may be obtained. 

A' major advaata^c cf dac iivcaition is diat 
•the reaction may be carried out eSciently 
spbstazYtially atmospheric piessure as dxs^ 
40 tingnished from the superatmojpheittc 
pressures chaxacwrlsac: of the prior art. It 
will be under^twd that in ihs practfoe of gas- 
phase cacjlydc proccsaej of .|jbe general type 
described hr.rrf'nq Le. processes in which a 
45 gas stream is cmx^ed to flow succesdvEly 
throng -rcacdon and product xecov^ery 
systems^ the pressure is consxdersd for practi- 
<ial purposes as bein^ substantially atmos- 
pheric even though it is sufficiaitly hlg^ on 
50 the input side <o effect commercially sacisfec- 
tory gas flow thraugji the apparatus train, 
Uma, strictly speafclajg-, depending upon fac- 
tors such a 5 apparatus design, mesh size of 
cawlystj unpacked gas ipace iin die reactor, 
55 desired contact time, cec,, the actual pressures 
m ^sterns of the kmd mider consideraticn 
may vary from 2 up to say 10^—15 pounds 
gauges amd acccrdmgly operadons of ihis 
type are regarded a» being effected under 
60 subs>cantially annospheric pressure. 

Contact time may be varied considerably 
withot^c ncdccable faJiing off en process 
efficiency. Generally, an. incr^a^e in the 
contact cime and xezctor temperature results 
65 in higher uitlizanon of the hydrogen fluoride 



and conversion of hexaflnoropropenei arid a 
decrease in concact time and i^ctor tempeia- 
nire results in loiwer nrili^don of hydrogen 
fluoride; and lower conversion, Contact 
times may lie in the range of O.S--€0 seconds^ 70 
bat wiM usually and preferably bq in the 
range of 1 — 25 iecands. To V snbstantttl 
rAent> contact tunc» reactor temperacuzc and 
ratio cf reactancs ore inser-related, and depend- 
ing u^n the apparatus and die particular 75 
operation at hand, optmmm condicdons as Co 
contact time may be deteimini&d by test 
runs. 

In Examples I and n wlacfa follow^ the 
reactor con^wtcd of a X inch inttmal dlrameeer 80 
nickel tub« 42 inches Jong heated externally 
by an electric furnace enveloping a^Toot 30 
inches of its lengdi. The reactor was pro- 
vided at the inlet end wiih suitable means 
for metered intreduction of gaseoos heza- 05 
fluofoprcpene and anhydrous hydrogan 
fluoride^ whob -the reactor oudet was coa- 
nected to di2 hilct cad «f a products jecoveiy 
train. The catalyst employed coosisted of 
activated corbcn Ccomme^cially availaible 90 
Co3i2nibh 6G grade) of 8 — 14 mesbj tb» 
Srhs -being sndi as to^ provide gnaitde* 
averaging a-bout 1/lOdi of the reactjor 
diameter. The reactor was completely fifled 
wkh catarlys^ .the total vohime amounting to 95 
about 0.54 litre. The pressure in the 
reactor system was about 3 lb, psig.i Lt. 
sufScienc to ms/7t die gas stream through 
the xaeactor system ^ die contact t&ne? 
Indicated and through che mnainder of thft lOO 
apparstus- train. Percentages are by yind^ju 

During a period of about 125 mmutcSj 
about 77 grams (3.85 mols) <^ anhydrous 
hydiogen fluoride and about 308 (2.05 105 
raols) of hexafluoropropcne were premized 
and metered into iihe reactor ^tem. 
Throughout thz run the temperature witixm 
the reactor was m^imained on the irange 392 
to 402' C. Overall contact time was 110 
approximately 9 aeconda. The vapours leaving 
the reactor were vater-scru'bbed .to remove 
some hydrogen fluonde, dried by passage 
through a calcium chloride drying tower, and 
condensed and collected in a receiver cocJcxl 115 
vrtdi Dry Icc-acctone* A total of 36.1 g. 
(1.81 mols) hydrogen fluoride was soruiibed 
out of the reactor exit gasw A Dotal of 
342 g, of material wa« condensed amd 
recovered m xh& recewer. On distxHatmn 120 
of the condensate, there were recovered 316 
g. of marenial -boiL'ng in the range —16 to 
—17.5' a and 25 g. of sdll residue. 
Analysis^ including infrared absorption 
spectrum an;i1ysfs and ga? chrocaatogxa3>hyy 125 
established bodi distillate and residue, a ^t2l 
of 341 g. {2.0 mols)^ to be heptafiuoTopcopanc. 
Hence, the yield on the ba^i* of hesafluoro^ 
propene fed was substantMy 100%, 
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During a period of about 120 mtnutts 
S5 (4,40 moIO of ajihydroiis h/drogca 
fluoride and about 278 C^-*^ ™*^) 

S hexafluoropropene were preooised and nsetercd 
iato the xeactor. Tli^>ag^oat the run the 
texQperature In tbe reactar was inaiutsincd in 
the range 300 to 306"" C Ovtiall cootacC 
dime was approximately 8 soooods. Tlie 

10 vapours leavmg; ^ xeactor were bsodkd 
&9 in fixainple I. A total of sboat 43 
(2,15 m(^s) of hydrogen fixiadda was jsenibbed 
ouc of xhc reactor ezii ga9> and a total of 
316 g, of condexisate w tftcovered in the 

15 Dry Ice ttap. On distillation diere were 
recovered as condensate about 291 g« cf 
materia] boiling substaati^y in the r&nge 
of —16 to —17.5' C and 25 of stlH 
residue. Analysisi inciudixig lofca-ml 

20 absorption spectrum aofliyw ^ and gas 
cbromatographys showed bom distilkte fflid 
residue to be hepta&icropropane, m total 
amount of 316 g. (1.86 mols). The yisM 
based on hcxafluoropropeice fed was aiib- 

25 stannallr 100%. 

WHAT WB CLAIM IS:— 
1. FtoCe$s for Tihe producdbn of IjljIA- 
3j3^-Iiepaauoropr^ne, -wbkh cotc^yrise* 
bringing a mixture of hexafluoropropene and 

30 aubsta&tiaUy anhydrous hyekogen fluozjde hi 
the pliase liYtx> contact witb am 9em^ 



cazt>on catalyst at a tenmecaitare o£ 250*- — 
450*" G 

2. Process accccdia^ to Ciska 1^ wherem 
i^LC reaction d& e&cted under substantiaiUy MS 
ititiosfCp&ttc pressure. 

3. P£cce» according to Oaun. 1 oc 2, 
wbeiein [he mdl ratio d the l^drogea floodde 
1:0 the hexafluotopropene ta beimesi 1:1 
and 3:1. 40 

4. Proceaa according to daim wihefein 
the mol ram is bctweea 1.5:1 «ad 3:1 and 
&e zeacdoQ- temperacure 'is 375^—423^ C 

5. Ptcce99 aocoicdm^ to any tone of the 
preceding daims;, whSceCn ihe jmsmre of 43 
hydrogen fluoxide and hexafluoropropeoe is 

£ed continuously mv> and iQxrough a tabular 
reaction z<^c concsinjn^ ^Ihe actiTe catbon 
and heated Co die reacnon tofipefaiufle^ aad 
the vajiouzs ■leavuig' ahe zone bzb cnntfimoualy 50 
iicafttfid t3o isolate baptsfbioropcopfiiae iftFfi^ 
£poidi. 

6. Process for the prcxin(;tion l^l^lt^- 
3j333^heptaAuo!n>propan]& accor<fing m dsiifn 

If «ubst3£Hiiall7 as bereinbefiaDB dracadbed. 55 

7. Iflf lj2j3,3^-/hepcaikKWpix^p9n0 obtained 
by a process claimed any one of the 
precedSig^ claims, 

J. A, KEMP & <30., 
CharceDcd Patent Agents^ 
14, Soueh SquAie^ Gra/s Inn, 
London* W.Cvl. 
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